Coco peat-grafted-poly(acrylic acid)/NPK [CP-g-P(AAc)/NPK] slow release fertilizer hydrogel (SRFH) was prepared by grafting coco peat fiber onto acrylic acid in the presence of NPK 15-15-15 fertilizer using in-situ solution polymerization technique. Commercial super absorbance polymer (CSAP) was used to compare the properties of SRFH. The hydrogels were characterized by fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and ultraviolet-visible spectroscopy (UV-Vis). The grafting reaction is approved by the disappearance of peak at 973 cm −1 of FTIR spectrum. DSC results revealed that SRFH had high glass transition temperature, T g compared to CSAP. SEM images showed that SRFH had low porosity and compact structure than CSAP. Fertilizer release study showed that the amount of nutrient release is greatly improved by SRFH.
Introduction
Superabsorbent hydrogel (SAH) commercially known as superabsorbent polymer (SAP) is defined as a network of hydrophilic polymers that can swell and hold a large amount of water up to thousands times of their dry weight [1, 2] . Commercial superabsorbent polymer (CSAP) for agriculture application is purely made from synthetic polymers, poly(acrylic acid) or copolymer with polyacrylamide which is high cost, non-biodegradable, poor mechanical and thermal properties. CSAP presented fast swelling capability and the property is depending on their size [3] . Water absorption capacity (WAC) of SAP contribute to water retention and maintaining some properties of soil such as aeration, local humidity and increase soil permeability. This properties helps to improve nitrogen need by plants [4] . WAC of hydrogels is affected by microstructure, morphology, mechanical and rheological properties and sensitive to swollen state. In certain cases, high swelling degree cause significant harm to mechanical properties of SAP [5] . One of very important drawback of highly swollen SAP is poor mechanical properties. Higher the amount of water in hydrogel, poorer the mechanical properties [3, 6] .
To overcome low mechanical properties and nonbiodegradable of SAP, superabsorbent polymer composites (SAPC) have been developed. [7] . The advantages of SAPC over SAP in terms of mechanical properties and swelling behavior have been investigated by many researchers [8, 9] . Most of SAPC are prepared using inorganic fillers such as sodium silicate, kaolin and bentonite to solve mechanical properties, biodegradability and high cost problems [10] . One of the solution is to produce nanocomposites from hydrogel and clay minerals such as montmorillonite, kaolin, bentonite and attapulgite in high proportions. This reduces the end cost of product and improves some of hydrogel properties such as mechanical, swelling ability, gel strength and thermal stability [11] . However, these kind of hydrogels have a problem to enter industry due to unresolved issues related to their preparation such as minimizing residual monomer, controlling particle size and scale up feasibility [10] . The desire to produce biodegradable hydrogels led scientists to find other way of producing super absorbance polymer composite. Natural fibers which is abundance in nature and renewable resource can be used to graft with hydrogels to improve mechanical properties, biodegradability and reduce production cost of SAP. [7] . Natural fibers such as coconut, jute, sisal, kenaf bast, eucalyptus pulp, ramie bast, malva, banana, flax, abaca leaf, sansevieria leaf, pineapple leaf, date, cotton, bamboo, palm and sugarcane fiber being reinforced in polymer system to achieve specific properties of end product [12] . These cellulosic fibers have a wide range of physical and mechanical properties which related to diameter, length, specific treatment, gravity, methods of processing, etc. [13] .
Coco peat (CP) fiber is an excellent source of natural fibers to graft with hydrogels. CP fiber is a by-product of coconut palm, naturally abundant in many Asian countries such as Malaysia, China, Vietnam, Philippines and Thailand [14] . For years, large amounts of CP fiber have been discarded as biomass waste or used as cheap fertilizer. CP fiber has untapped advantages including biodegradability, renewability, low cost and high availability. Exploring the effective use of CP fiber is very importance for sustainable development. The main constituent of CP fiber is lignocellulose, which is composed of hemicellulose (∼8%), cellulose (∼43%) and lignin (∼49%) [15] . Reactive functional groups such as, carboxyl, hydroxyl, ether, amino and phosphate are abundantly in lignocellulose which allow further modification of CP fiber [16, 17] .
Nowadays, the combinations of hydrogel and fertilizer to produce slow release fertilizer hydrogel (SRFH) is the latest trend of research in hydrogel field and growing trend to regulate water and nutrients in one materials [18] . SRFH mainly created to improve plant nutrition, frequency of irrigation, evaporation losses and reduce environmental impact from conventional fertilizers [19, 20] . The SRFH act by helping the absorption of water and nutrient elements, holding them tightly and extend their release. As a result, plant still can access some of water and nutrients in extended time resulting in improve growth and performance rates [21] . The term SRF is used as a general description of fertilizer in which nutrient release into environment occurs in a slow manner [22] .
This study is focusing on grafting CP fiber onto acrylic acid in the presence of NPK fertilizer to improve biodegradability, fertilizer efficiency, mechanical and thermal properties of super absorbance polymer. This research is carry out using insitu solution polymerization technique to produce slow release fertilizer hydrogel (SRFH).
Experimental

Materials
Acrylic Acid (AAc, 99%) (5 M) was used as monomer, N,N′methylenebisacrylamide (MBA, 99%) was used as cross-linker, ammonium persulphate (APS, 99%) was used as initiator, sodium hydroxide (NaOH) (5 M) was used as neutralizing agent, coco peat fibers were used as microfiber and NPK 15-15-15 was used as fertilizer. The chemicals were purchased from Sigma Aldrich and used as received. Coco Peat fiber was purchased from Innovative Pultrusion Sdn. Bhd. Senawang, Negeri Sembilan, Malaysia and NPK 15-15-15 fertilizer was purchased from Giant Hypermarket.
Preparation of CP-g-P(AAc)/NPK SRFH Coco peat (CP) fiber was weight and grinded to 250 μm and washed with boiling water. After that, the CP fiber was dried in an oven at 50°C for 24 h or until constant weight. NaOH solution was prepared by adding 2.96% NaOH into 14.17% deionized water in a beaker and stirred until dissolved. Fertilizer solution was prepared by adding 1.35% of NPK 15-15-15 granules into 51.41% of deionized water in a beaker and stirred until dissolved. APS solution was prepared by adding 0.22% of APS into 2.71% of deionized water.
The SRFH of CP-g-P(AAc)/NPK was prepared by in-situ solution polymerization technique. At room temperature, a certain amount of AAc was added to the beaker containing NaOH solution and stirred for 30 min for neutralization. After 30 min, 0.08% MBA was added into the neutralized monomer and stirred for 5 min. The mixture was added into 500 ml jacketed glass reactor equipped by a mechanical stirrer, a paddle impeller, reflux condenser and a thermocouple. Followed by adding the fertilizer solution and 1.35% of the prepared CP fiber. The reactor content was heated to 60°C and 160 rpm stirring speed. Once the reactor temperature reached 60°C, APS solution was added to the reactor and the mixture was stirred until gelled up. Then, the product was removed from the reactor and dried in an oven at 60°C to constant weight. The dried SRFH was grinded to 2 mm in size.
Characterization and testing
Fourier transform infrared (FTIR)
The FTIR spectra of hydrogels were recorded with a Perkin Elmer Spectrum 100 using ATR technique at a resolution of 4 cm −1 in the range of 4000-700 cm −1 . A synthesized sample was cut into a small pieces and placed on the crystal and collect data.
Differential scanning calorimeter (DSC)
DSC was used to determine glass transition temperature, T g of the hydrogels. DSC assessments were carried out using Netzsch, Polyma224, at a heating rate of 10°C/min in the temperature range of 30-300°C. A dried hydrogel sample with weight 3-5 mg was placed in a sealed aluminum pan and an empty aluminum pan was used as a reference.
Scanning electron microscopy (SEM)
Particle morphology of hydrogels was observed in a Carl Zeiss model EVO 50 SEM at an accelerating voltage of 10 kV. A swollen sample was cut into a small piece and placed onto a SEM stage.
Slow release of fertilizer
The release of nutrients from prepared SRFH was measured by Thermo scientific model GENESYS 10S Ultraviolet -visible spectroscopy. 0.5 g of dried SRFH and 0.5 g of NPK granule were soaked in 1000 ml distilled water respectively, under unstirred condition. 2 ml of each solution was taken out at various intervals to detect the fertilizer release quantity [23] .
Water absorption capacity (WAC) 0.5 g of dried SRFH and 0.5 g CSAP were immersed in distilled water respectively and allowed to swell at room temperature to equilibrium swollen state. The swollen samples were filtered using sieves to remove non-absorbed water and weighed again. The water absorbency was calculated using Eq. 1. 
Biodegradation
The biodegradation studies of CP-g-P(AAc)/NPK was carried out using soil burial method [24] . Certain weights (W 0 ) of the samples were buried in normal garden soil for 12 weeks. The samples were washed by running water then dried at 60°C in oven until constant weight and weighed (W 1 ). Weight losses of the buried samples were calculated using Eq. 2.
Where W 0 ; initial samples weight, W 1 ; samples weight after interval time.
Water retention in soil 2 g of dried CP-g-PAA/NPK SRFH and 2 g of dried CSAP were mixed with 200 g of dry sandy soil in 500 ml beaker, respectively. 200 g of tap water was slowly added into eachbeaker then stored at 30°C and relative humidity of 80%. The weight was followed for every 2 days until 30 days.
A control sample was prepared with no hydrogel added. The water evaporation was quantified using Eq. 3.
where M 0 is the initial weight of the beaker components and M 1 is the weight after the predetermined time intervals [25] .
Results and discussion
FTIR analysis
FTIR spectra of commercial super absorbance polymer (CSAP) and CP-g-PAA/NPK SRFH (washed) and CP-g-PAA/NPK (un washed) are given Fig. 1 The grafting was confirmed by comparing the FTIR spectra of the synthesized hydrogel using washed and unwashed CP fiber. The spectra showed a broad absorption band at 3700-3000 cm −1 corresponding to OH and NH groups [26] . The band at 3000-2900 cm −1 in SRFH are corresponding to C-H stretching from lignin [27] . The bands from 700 to 1700 cm −1 in SRFH are corresponding to main spectra of fiber [28, 29] . This is the [30] . The disappearance of peak at 973 cm −1 in CP-g-PAA/NPK SRFH (washed) which attributed to C-C, C-OH, C-H ring and side group vibrations is an evidence of the CP fiber grafting with PAA [27] . Fig. 2 shows DSC curves of CP-g-PAA/NPK SRFH and CSAP. The results show that the glass transition temperature, T g of SRFH (177°C) is higher than CSAP (77°C). High T g of SRFH is an indication of grafting between the fiber and the polymer chains as a result of enhancement in thermal properties [24] .
DSC analysis
Morphology study Fig. 3 shows (a) digital and (b) SEM images of CP-g-PAA/ NPK SRFH after synthesis. At the end of reaction, about 15% of water was vaporized and 85% of water was remained in the gel after completed reaction. The brown color of SRFH as shown in Fig. 2 (a) was adopted from CP fiber. Fig. 2(b) shows CP fiber was grafted onto PAA hydrogel and clearly observed at 2000 x magnification in the same figure.
The SEM images in Fig. 4 showed (a) SRFH had smaller pore size than (b) CSAP observed at 500 x magnification at equilibrium swollen state. This features limited the water molecules to penetrate polymer structures and led to lower water absorbance capacity (WAC) [31] . The magnification of swollen SRFH image at 1000 x is represented in Fig. 4 (a) . SRFH demonstrate homogeneous network of pores, connected open channels and thicker pore walls. This features might lead to good mechanical properties. In contrast, CSAP demonstrate non-homogeneity of pores, thinner pore walls and its structure was clearly loose and porous as depicted in Fig. 4 (b) . This features facilitate the diffusion of water into the polymer network which able to absorb more water and lead to high swelling rate [23] . The factors that control the pore sizes, pores volume fraction and pore interconnections are the cross-link density and composition of network polymer chains [1, 26] . Fig. 5 shows SEM images of SRFH (a) CP fiber was clearly grafted onto PAA hydrogel and (b) the residue of NPK fertilizer was deposited onto pores wall observed at 2000 x magnification at equilibrium swollen state. Fig. 6 displays the release behaviors of nutrients in CP-g-PAA/NPK SRFH and neat NPK in water. In order to evaluate the validity of using SRFH as devices for slow release of soil nutrients, it was necessary to follow the release of these nutrients under similar conditions to that of the soil environment. The nutrients release from the SRFH was triggered at once, continued progressively and completed within 5 weeks. It is well known that NPK is a water soluble fertilizer and dissolved in water easily. Nutrients in neat NPK released slowly in first 45 min followed by rapid increased and 100% released within 105 min. However, the swollen SRFH network is capable of reducing the release rate of neat NPK. The release behavior of nutrients in SRFH increased slowly until 180 min with 38.1% of nutrients released. However, after 180 min the release behavior increased rapidly reached 90.1% then continued slowly until 5 weeks to reach 100% released. The slow release of fertilizer from CP-g-PAA/NPK SRFH can be related to some interaction with the ionic sites of the polymeric network and the effective encapsulation from the polymeric networks [32] . These results indicate that the amount of nutrient release is greatly improved by SRFH. These promising result is encouraging to use SRFH for slow release of soil nutrients.
Slow release of fertilizer in water
Water absorption capacity (WAC)
One of very important drawback of highly swollen hydrogel is the poor mechanical properties. As higher amount of water within hydrogel poor the mechanical properties [3, 6] . CP-g-PAA/NPK, 165 g/g had a lower WAC than CSAP, 220 g/g. The WAC data here, along with the SEM results, indicated that the close relationship between the porosity and WAC. Specifically, higher porosity contributed to greater WAC [33] .
Biodegradation
Generally, first step of polymer degradation is transformation of polymer chains into oligomer and monomer which easily decompose by microorganisms [34] . Figure 7 shows that no loss in samples weight for first 2 weeks. After 12 weeks, the amount of weight loss reached 100% for CP-g-PAA/NPK SRFH and 0% for CSAP. This results is similar to work reported by Waham et al., [35] .
Water evaporation measurement in soil Fig. 8 shows the water evaporation of blank sandy soil, sandy soil and CSAP and sandy soil and SRFH. The evaporation of water reached 71 and 98% for 8th and 16th days, respectively, in case of blank sandy soil, while it was 51 and 70%, for sandy soil and CSAP and 52 and 71% for sandy soil and SRFH. These results indicated that the water evaporation in sandy soil and SRFH is comparable to sandy soil and CSAP. This is proven that the addition of hydrogels to soil increase water retention and decrease evaporation. This reveals that the entrapped water in hydrogels is released gradually when soil moisture is decreased [36] .
Conclusions
Coco peat-grafted-poly(acrylic acid)/NPK slow release fertilizer hydrogel [CP-g-P(AAc)/NPK] SRFH was successfully prepared. NPK 15-15-15 fertilizer was added in-situ during synthesized. Characterization by FTIR spectra suggests the presence of grafting in CP-g-P(AAc)/NPK SRFH. DSC results revealed high glass transition temperature, T g of SRFH. SEM images of swollen SRFH showed homogeneous network of pores, strong interconnection among pores and thicker pore walls. SRFH achieved equilibrium swollen state in 3 h with water absorption capacity (WAC) of 165 g/g. The slow release of CP-g-P(AAc)/NPK SRFH in water was achieved with the release of fertilizer lasted for 5 weeks. The biodegradation of SRFH was improved using CP fiber and the results of water retention SRFH in soils is comparable to CSAP.
The present research provides a facile method to prepare slow release fertilizer hydrogel, which has a potential to be commercialized.
